INTRODUCTION
Isolated Calcisphaerulidae from DSDP sections have previously been reported from the Indian Ocean Leg 27, from which Jurassic, Lower and Upper Cretaceous species were described and illustrated by the SEM method (Bolli, 1974) , and from the Antarctic Leg 35, where for the first time Paleocene species were described and illustrated by Rögl (1976) .
Of the six sites drilled during Leg 40, Calcisphaerulidae were present in Sites 361, 363, and 364 ( Figure 1) . Only rare and poorly preserved specimens {Pithonella ? sphaerica) were obtained from the Cape Basin Site 361, where they occur in the Lower Cretaceous sapropels from Core 32 down.
Calcisphaerulidae are much more frequent and better preserved in the Lower Cretaceous Cores 26 to 39 of the Walvis Ridge Site 363. In this site they are present, though only rare, in the Upper Cretaceous (Samples 18-2, 42-44 cm to Core 22) and in the Paleocene (Samples 18-1, 52-54 cm to 18-2, 34-38 cm).
Rare Calcisphaerulidae of Pithonella sphaerica aspect occur in the Coniacian-Santonian Core 19 of Site 364 in the Angola Basin.
Attention in this report is focussed entirely on the Site 363 Calcisphaerulidae which are described and illustrated in some detail, and whose stratigraphic distribution and significance is discussed.
The specimens illustrated on Plates 1-7 are deposited in the Museum of Natural History, Basel, Switzerland, under the numbers C 33949 to C 33990. The number for each specimen appears with the species explanations for the plates.
STRATIGRAPHIC DISTRIBUTION OF THE CALCISPHAERULIDAE AT SITE 363
Three distinct and stratigraphically restricted groups of species occur at Site 363 ( Figure 2 ):
1) The two spherically shaped species Pithonella cf. bollii and P. titanoplax are restricted to the lower Paleocene. These species were described first from sediments of the same age from the Antarctic Site 323 by Rögl (1976) .
2) The oval-shaped Pithonella cooki and the more elongate P. krasheninnikovi seem closely related by morphologically intermediate forms. P. krasheninnikovi is recorded from the Campanian to middle Maestrichtian, P. cooki throughout the Maestrichtian. The two layers forming the test of the lower Paleocene P. titanoplax are similar to those of P. cooki and P. krasheninnikovi. Should the three species represent an evolutionary lineage, the trend would be from the strongly elongate P. krasheninnikovi via the ovalshaped P. cooki to the spherical P. titanoplax. Such a trend can be followed in Cores 22 to 18 of Site 363 (see Figure 2) .
Because of dissolution, intermittent coring (Cores 23-25) and a Cenomanian-Turonian hiatus, Cenomanian to lower Campanian Calcisphaerulidae are absent at Site 363.
3 Figures 1-4 ) from the Antarctic Leg 35 Site 323. The average size of about 60 µm is about the same. The aperture in the Site 323 specimens is given as extremely large and circular, but in the Site 363 specimens ranges from nonexistent (Plate 1, Figure 1 ) to very small (Plate 1, Figure 3) to fairly large and circular (Plate 1, Figure 4 ). The wall is formed by two layers of calcite crystals which are about equal in thickness in the Site 323 specimens. In contrast at Site 363, the thickness of the inner layer appears slightly less than that of the outer one. Further, the surface of the loosely arranged rhombohedral crystals of the outer layer are fairly strongly corroded in the Site 363 specimens (Plate 1, Figures 2,  6 ). As in the Site 323 specimens, the inner layer is formed by slender and tightly packed crystals with the rhombohedrons extended along the c-axis and arranged perpendicular to the surface.
Both the Site 323 and the Site 363 specimens occur in the lower part of the lower Paleocene. The specimens from Site 363 appear to be identical with those originally described by Rögl (1976) from the Antarctic Leg 35 Site 323. They have a similar average size of 60-70 µm, similar very large, circular apertures, and have two layers of calcite crystals of approximately the same thickness forming the test. As in Pithonella bollii the inner layer is formed by tightly interlocked rhombohedrons elongate along the c-axis which lie perpendicular to the surface. In contrast to P. bollii, the crystals of the outer layer are of tabular shape and positioned with one of the long, narrow faces on the inner layer. They are fairly loosely arranged in an irregular criss-cross pattern which is clearly seen in Plate 1, Figure 9 . Outer layer crystals having a similar shape and arrangement also characterize the Upper Cretaceous P. cooki and P. krasheninnikovi (Plates 2 and 3). The specimen in Plate 1, Figure 10 , with the enlarged surface shown in Plate 1, Figure 12 , possesses outer layer crystals that are more stubby and less elongate, as is also the case in P. cooki. Both the very close morphology as well as stratigraphic restriction to the lower part of the lower Paleocene justify the inclusion of the Site 363 specimens into P. titanoplax.
Recorded occurrence: DSDP Site 363, Walvis Ridge, Southeastern Atlantic. Samples 18-1, 52 cm to 18-2, 38 cm. Rare.
Age: Lower Paleocene, based on calcareous nannoplankton and on planktonic foraminifers {Cruciplacolithus tenuis Zone, Globorotalia pseudobulloides Zone). A probable Coniacian to Santonian age was assigned to the Indian Ocean Site 260 P. cooki, based on the youngest elements {Globotruncana lapparenti group) of a heterogeneous planktonic foraminiferal fauna. However, the possibility was left open that these youngest faunal elements could also be reworked; thus the P. cooki specimens could still be younger. Based on planktonic foraminifers and calcareous nannoplankton occurring together with the calcisphaerulids, the Site 363 P. cooki are definitely Maestrichtian. Whether they range further down stratigraphically could not be evaluated at this site because calcareous microfossils of Core 22 are already strongly affected by dissolution (see description below of Pithonella krasheninnikovi and specimens of that species on Plate 3, Figures 8-12 The Site 363 specimens are identical with those originally described from the Eastern Indian Ocean Leg 27 Site 260. The specimens have an average length of about 110 µm and a width of about 60 µm. As in Pithonella cooki, a subcircular aperture in terminal position is generally present (Plate 3, Figures 5, 10, 11 ). In some specimens (Plate 3, Figures 2, 4) it is slightly offset from the longitudinal axis and appears rather elliptical. In others (Plate 3, Figure 1 ) the aperture is not apparent.
Pithonella cooki Bolli
Two layers form the test, an inner one of large rhombohedral crystals (Plate 3, Figures 6, 7) and an outer one with smaller tabular crystals (Plate 3, Figures 3, 6, 7) , both the same as in P. cooki. While the specimens are mostly well preserved in Core 21, with the outer layer of tabular crystals intact (Plate 3, Figures 1-7) , those of Core 22 have only the coarse inner layer preserved (Plate 3, Figures 8-12 ). A specimen which shows partial dissolution of the outer layer crystals is shown in Plate 3, Figure 5 . On Plate 3, Figure 6 , a detail of Figure 5 , large inner layer crystals begin to show through the loosely arranged and partially dissolved small outer layer crystals.
A coccolith fragment, partially embedded in a large crystal of the inner layer, is visible on Plate 3, Figure 9 (detail of Plate 3, Figure 8 ) just below the center of the photograph and to the right of a small rhombohedral crystal.
For the same reasons as for Pithonella cooki (see description above of that species), a probable Coniacian to Santonian age was originally assigned to P. krasheninnikovi. Comparison with calcareous nannoplankton and planktonic foraminifers at Site 363, Cores 20-22, shows that the species here is of Campanian to lowermiddle Maestrichtian age.
Recorded occurrences: DSDP Site 363, Walvis Ridge, Eastern South Atlantic, Samples 20-1, 58 cm to 22-1, 79 cm. Infrequent.
Age: Campanian to lower-middle Maestrichtian, on calcareous nannoplankton and on planktonic foraminifers {Tetralithus trifidus to Arkhangelskiella cymbiformis Zone, Globotruncana calcarata to Globotruncana havanensis Zone).
Pithonella cf. ovalis (Kaufmann)
(Plate 4, Figures 1-6) Because of their shape, the comparatively small oval specimens are here tentatively included in Pithonella ovalis which was originally described by Kaufmann (in Heer, 1865) from the type locality of the Cenomanian to Coniacian Seewerkalk of central Switzerland. In all probability they come from the Coniacian part of that sequence. Those present at Site 363 are Albian in age. It is possible that the Cenomanian-Coniacian forms are directly related to those occurring in the Albian. To confirm this, however, SEM studies on suitable material in continuous sections are required.
It appears that the outer surface of the investigated Site 363 specimens is affected by dissolution to some degree as on Plate 4, Figure 2 . Plate 4, Figure 4 shows the interior of a split specimen with large rhombohedral crystals interspersed with smaller ones, forming the interior surface (Plate 4, Figure 5 ). Plate 4, Figure 6 , a crosssection (detail of Figure 4) , shows a thin outer and a thicker inner layer. No apertures were observed. The average length is 60-65 µm, the width 50 µm. The spherical specimens of fairly variable size, 50-90 µm in diameter, often occur in floods in the fine fractions of Cores 26-39. They are here tentatively included in Pithonella sphaerica, a species which like P. ovalis was first described from the Senonian part of the Seewerkalk in central Switzerland (see above, under P. ovalis). The wall consists of three layers. The outer layer of the Site 363 specimens is affected to various degrees by dissolution. The specimens on Plate 4, Figures 7-12 show intact outer layers though individual crystals forming them are corroded. Figures 1-6 on Plate 5 show various degrees of disintegration of the outer layer. In Figures 1 and 2 of Plate 5 the layer is complete. In Figures 3 and 4 of Plate 5 it is partially removed and in Figures 5, 6 it is completely gone. The specimen on Plate 6, Figure 1 has about half of the outer layer disintegrated, that of Plate 6, Figure 4 has only a rudimentary portion remaining, and on Plate 6, Figure 6 no outer layer at all is preserved.
Cross sections, e.g., Plate 5, Figure 11 , show the three layers which form the test wall, an outer thin one (uppermost part of Plate 5, Figure 11 ), a thick intermediate one of not clearly discernible crystal arrangement, and an inner one consisting of mainly distinct large rhombohedral crystals with a short c-axis and up to 6-7 µm in diameter (Plate 5, Figures 10-12) . The tightly interlocked elongate crystals that form the middle layer seem to have their long axis parallel to the surface. In some specimens their arrangement is radial from a pole which may be marked by a small aperture (Plate 6, Figures 4, 5) or they may form a spiral pattern, beginning also from a small aperture as in Figures 6 and 7 Figures 4-7) .
Occasionally two specimens are attached to each other, apparently aperture against aperture (Plate 6, Figures 10-12) . Such attachments were found to be frequent in Pithonella thayeri from the Upper Jurassic of the Eastern Indian Ocean Leg 27, Site 261 (Bolli, 1974 , pi. 9, fig. 10-12 The Site 363 specimens are characterized by rounded to heartshaped tests of 70-80 µm diameter and acircular, medium-sized aperture situated in a depression. They are here tentatively included in Bonetocardiella conoidea.
The typical forms originally described by Bonet (1956) and later, e.g., by Andri (1972) , are heart-shaped, much like the Site 363 specimen on Plate 7, Figure 2 . However, the tests of most specimens of this site are more globular such as those in Figures 1, 3 , and 5 of Plate 7. As in Pithonella cf. sphaerica described above, the wall consists of three layers, as shown in the cross-section on Figure 12 of Plate 7. The thin outer layer, whose arrangement of crystals is shown on Figures 4 and 9 of Plate 7, is affected by dissolution to some degree as in the concurring Pithonella species. The middle layer is thicker than, the outer one and consists of tightly arranged crystals, similar to Pithonella cf. sphaerica (Plate 5, Figure 11 ). The inner layer consists of large-sized rhombohedral crystals identical to those in P. cf. sphaerica.,In contrast to most Pithonella species where apertures are often absent, they are always present in Bonetocardiella. Bonetocardiella cf. conoidea at Site 363 is restricted to the upper Albian.
An Albian to Turonian range was given by Bonet (1956) for Mexico, and an Albian-Cenomanian distribution is quoted by Andri (1972) . Cenomanian and Turonian strata are absent at Site 363. A possible extension of the species into these younger stages in the Walvis Ridge are could therefore not be determined. 
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LITERATURE
Reference is made to Bolli (1974) for papers dealing with Calcisphaerulidae up to 1972. The following papers based on SEM investigations were published since and have some bearing on the Calcisphaerulidae dealt with in this contribution:
Andri and Aubry (1973) discuss and illustrate Upper Cretaceous Pithonella ovalis (Kaufmann) and P. perlonga Andri from France. The test shape of P. perlonga in cross sections as shown by these authors, and also as earlier illustrated by Andri (1972) , strongly resemble that of P. krasheninnikovi Bolli.
Bein and Reiss (1976) describe and illustrate Pithonella ovalis (Kaufmann) from Albian to Turonian sediments of Israel. These may be identical or similar to those originally described by Kaufmann and also to those from Site 363 which, like the Israel specimens, have a thicker inner and thinner outer layer. Rögl (1976) describes Calcisphaerulidae for the first time from the lower Paleocene. Two of his species, Pithonella bollii and P. titanoplax, are here reported from the Walvis Ridge Site 363 lower Paleocene.
From the Netherlands and France, Villain (1975) describes and illustrates Turonian Pithonella sphaerica, and P. ovalis, and Bonetocardiella conoidea whose range he gives as Albian to Cenomanian. PLATE 1 Figures 1-6 Pithonella cf. bollii Rögl. 
